The U.S. economy benefits greatly from the production of knowledge into economically useful innovations. However 
Changing dynamics of innovation
A fundamental shift has occurred in the ways that ideas become marketable goods and services and it has great implications for new businesses. Chesbrough describes how internal R&D is not the strategic asset it once was, and that in an open innovation model, firms seek to commercialize both internal and external ideas "by deploying outside (as well as in-house) pathways to the market" (Chesbrough 2003, pp.36-37) . Although some of the literature examining Chesbrough's concept of open innovation focuses on how firm's include customers and outside ideas in their innovation strategy, this paper focuses on how an open innovation strategy suggests that the firm incorporates innovation from a variety of sources. 2 The strategy of closed innovation requires control and self-reliance in order to internally generate ideas and solely be responsible for developing, manufacturing, marketing, and distributing the new product or service. In contrast, an open innovation strategy utilizes technology alliances, joint development, and technology licensing agreements that may alter traditional internal research and development (R&D) activities.
The interplay of traditional measures of innovation, like patents, and these open innovation measures are of consequence. The paper focuses on licensing agreements as an open innovation strategy, examining two in particular, the licensing in and licensing out of ideas. In the former, an idea can originate outside of a company but be purchased by another company that pursues the commercialization of the idea. Microsoft, Cisco and other large companies have made licensing in a common business development practice. Some research has referred to this as inward technology licenses (Kuen-Hung Tsai & Hui-Chen Chang 2008) . A company may also choose to profit from an idea that seems to lack value from an internal investment perspective, but through licensing out the intellectual property becomes valuable.
The types of firms that are more likely to utilize a more open innovation strategy are an important focus given that the role of new business formation is in itself an innovation. According to Schumpeter, it is the entrepreneur that initiates great change in the economic system whether it results in a new product and its resulting markets or a new production method and process (Schumpeter 1934; Swedberg 2000) . Understanding what types of firms are likely to engage in an open innovation strategy convey how the change in the paradigm of firm innovation will filter through entrepreneurship. In addition, the changing paradigm is not isolated from the regional environment. Regional economic, social, and cultural dynamics also provide a foundation for supporting entrepreneurs and their processes. In fact, the innovation capacity of the region itself may have an effect on a firm's innovation strategy.
Open innovation in nascent firms
Although the examples of open innovation often describe the changes from a large company's perspective, new entrepreneurs and small businesses can also leverage both types of licensing agreements. From a new firm's perspective, licensing out can enable the firm to maintain a focus on further innovation or free the firm from the investment required to commercialize the idea, while licensing in allows a new business to take advantage of an innovation to improve the firm's own good or service production. Yoshikawa suggested that a new firm is more likely to engage in inward licensing agreements for mature technologies that have established patents (Yoshikawa 2003) . The agreements are somewhat less strategic in terms of developing a competitive advantage, but the time pressure that a new firm feels to push a product or service to market tends to increase usage of inward licenses. In addition, the firm can then focus time and expenditures on other issues and not 'reinvent the wheel'. Innovation strategies of nascent firms could be considered much more absorbing of this form of open innovation.
The lack of appropriate measures of open innovation activity in nascent firms has slowed our understanding of how open innovation affects new business formation.
However, the open innovation paradigm is of great economic consequence, as exhibited in Schumpeter's ideas about creative destruction and findings that suggest small businesses are more likely to generate major innovations than large businesses (Scherer & Ross 1990; Small Business Administration 1996) . A U.S. Small Business Administration study found that "small patenting firms produce 13-14 times more patents per employee as large patenting firms" and that "small firm patents are twice as likely as large firm patents to be among the 1% most cited patents" (CHI Research Inc. 2002, p.3) . However, some suggest that "it would appear that increasingly those who invent are dissuaded from seeking patents by the costs involved, the time delays, and the prospect in many new industries that patents will provide very little protection" (Miner et al. 1992, p.103) , making external technologies even more appealing.
The paper examines open innovation among nascent firms from the perspective that innovations are largely the work of smaller firms. The analysis will also explore the differences among high-technology nascent firms given that they face even greater changes in their innovation model, spending only a fraction of what large firms spend on total R&D but producing more than half of the innovations (Small Business Administration 1996). The analysis examines open innovation and develops testable hypotheses about the measures of innovation with respect to firm characteristics as well as owner characteristics, such as human capital. It explores differences with respect to gender to provide fuller context to our understanding of entrepreneurs and open innovation. Although women have traditionally founded businesses in the retail and service sector (Loscocco & Robinson 1991; Moore & Buttner 1997; Anna & Chandler 1999) , they are increasingly represented in non-traditional industries such as hightechnology, construction, transportation, public utilities, business consulting and other types of services (Langowitz 2003 The discussion of innovation dynamics occurs across a considerable literature from a variety of disciplines. Although Schumpeter focused on creative destruction, others link innovation's economic impact to geographic space and how the agglomeration of innovations in one area can have large implications on a locale's economic well-being. Past studies suggest that knowledge is not distributed evenly across space (Feldman & Audretsch 1999; Jaffe et al. 1993) , resulting in spatial disparities of innovation activities. Actually, "cited patents originate with a high degree of statistical likelihood from the same geographic locality" (Scott 2006, p.9 ). In addition, there is large heterogeneity in self-employment across space (Glaeser 2007) . Thus, the paper examines what types of regions are more likely to have firms that are pursuing a more open innovation strategy. In total, the paper seeks to examine open innovation at the firm level as well as address the lack of general understanding of the role of location in entrepreneurship.
Innovation and the firm
Chesbrough's concept of open innovation suggests that innovation potential is broadened, opening an internal process to the influence of other firms. A likely result of this is that a greater number of firms can influence a single firm's innovation strategy through its application of external technologies. The exposure to external ideas and technologies, or what some have called "knowledge networks," should enable the firm to also enhance their own innovativeness (Zahra et al. 2005) . If this is true, the firms will most likely be more successful and their contribution to the region in which they are in should enable the region to also be more successful. "New ventures, companies 6 years or younger, [are] a group of firms that need to use both internal R&D and external sources to assemble the knowledge necessary to survive and even prosper" (Zahra et al. 2005, p.154 A firm's innovation strategy relies on its innovation capacity. From a knowledgebased or resource view of the firm, innovation capacity can be tangible measures like R&D expenditures, but also less tangible measures like practical skills and knowledge (Tödtling et al. 2006; Acs et al. 2002; VanPraag & Versloot 2007; Teirlinck & Andre 2008; Doloreux 2004; D'este 2005; Cooper et al. 1994) . The tangible and intangible side of the analysis allows for both the examination of the results of business decisions as wells as the entrepreneurs' qualities.
The tangible nature of R&D expenditures serves as the primary measure of innovation quantity (VanPraag & Versloot 2007) , and more specifically, a firm's investment in R&D and its number of employees committed to R&D activities. The nature of nascent firms suggests they would be more open to a variety of innovation sources, even with the presence of R&D investment and employees. This is particularly so for high-technology firms. "As competition intensifies and the pace of technological change accelerates, many high-technology firms adopt different strategies to acquire external technologies, such as technology alliances, joint development, and technology licensing to complement or even substitute for their internal research and development (R&D) activities" (Kuen-Hung Tsai & Hui-Chen Chang 2008, p.88) . High-technology firms also utilize inward licensing to lower the trial and error of internal R&D that is relatively more costly in this industry (Zahra et al. 2005) . Consequently, the first two hypotheses suggest these expectations. 
Innovation and entrepreneurship
The intangible measures of a firm's innovation capacity that influence its strategy are related to entrepreneurship given the likely smallness of nascent firms. Knowledge and skills are often combined into a concept of human capital. Education level relates to knowledge and skills (Cooper et al. 1994) , and as this increases, the entrepreneur is likely more open to accepting external ideas. In addition, work experience in the same industry suggests in-depth knowledge of processes, markets, and networks that should convey to better technology selections and choices (Cooper et al. 1994) . However, too much familiarity with old strategies and processes, may lead an entrepreneur to resist open innovation. This can be similarly said for the age of an entrepreneur, where age conveys experience but may make one resistant to change. For the human capital characteristics, the following hypotheses emerge: Female ownership of nascent firms and high-technology firms is growing. Between 1997 and , the growth in the number of women-owned businesses (51 percent or more) was nearly two and half times the rate of all U.S. privately held firms (22.9 percent versus 9 percent), and employment in these firms grew more than three times faster (39 versus 11.6 percent) (Center for Women's Business Research 2004). In addition, there is a "new generation of women entrepreneurs" emerging who see business ownership as a viable career option (Brush et al. 2004 If as suggested, "Young start-ups do not have the resources or capabilities to develop their products internally, possibly encouraging them to engage in licensing" (Zahra et al. 2005, pp.160-161) , the entrepreneur's decisions and the entrepreneur's human capital should influence how open the firm is in the innovation strategy. Yet, beyond the firm's capabilities, a supportive region is likely to provide necessary nourishment and influence its decision making.
Innovation and the region
Open innovation suggests that the firm can seek external innovation from anywhere, within the region and outside. Examining alliances indicates that inter-regional linkages are important, and this would easily translate to licensing agreements (McNaughton 2001 ). Yet, the effect of knowledge and how it produces innovations in the economy is also the basis for new growth theory, which proposes that endogenous factors like technological change, R&D, and human capital (education) drive economies and predict economic progress and stability (Lucas 1988; Romer 1986; Glaeser 2000) . Firms in the region rely on these dynamics and benefit from regional agglomeration economies and cluster formation. The heart of economic development is therefore a dynamic process that is the result of change in internal economic conditions. Yet, the age-old analysis of the flow of knowledge through individuals into economically useful innovation (Acs et al. 2002) is still not perfectly understood.
From the 1970s, one of the predominant methods-beyond research and development (R&D) expenditures-for examining innovation has been through the lens of patent activity. This measure of economic output indicates the creation of economically useful knowledge. However, patents have sometimes been viewed skeptically; "patents are a flawed measure of innovative output particularly since not all new innovations are patented and since patents differ greatly in their economic impact" (Pakes & Griliches 1980, p.378) . Recent research has shown that patents are just as good of an indicator of innovative activity as a literature-based innovation count database, like the Small Business Administration developed for only 1982 (Acs et al. 2002) . Although, patents and product innovation are concentrated in larger agglomerations (Tödtling & Trippl 2005) , the effects of innovation and knowledge spillover, in general, do not diffuse beyond a certain geographic distance and remain constrained to industrial clusters and agglomerations (Feldman & Audretsch 1999) . The relevance of patents to innovation and what it symbolizes in terms of a region's R&D capacity implies that a region with higher patenting activity will create an environment that is different from a region with lower patenting activity. How this environment is transferred to a firm's innovation strategy is of interest even if a firm can go outside of the region for open innovation activities. Regional patent measures are capturing this effect in the analysis.
Hypothesis 7: Patent counts and growth of patents in a region increase a nascent firm's or high-technology firm's likelihood of utilizing a more open innovation strategy.
Human capital is critical to economic growth, as it is to entrepreneurship, and new growth theory stresses the connection between human capital and economic growth (Romer 1986; Glaeser 1998; Glaeser 2000; Glaeser 2007; Lucas 1988 ) Most studies proxy human capital with educational attainment, either through the level of education/degree attained or the number of years of school. As the educational component of any economy, the region's knowledge base will influence the firm through the labor pool and may transform in some manner the firm's innovation strategy. Education has been found to positively influence innovation, and high-technology industry has been found to be attracted to regions with high levels of education attainment (Hackler & Mayer 2008; Hackler 2003; Lee et al. 2004; Audretsch et al. 2008; Mayer et al. 2007; Florida 2002 ).
Hypothesis 8: Educational attainment in the region increases a nascent firm's or hightechnology firm's likelihood of utilizing a more open innovation strategy.
Regional prosperity, the result of new growth theory's successful application, implies that regions are more able to provide a sound foundation for an entrepreneurial economy. Prosperity measures, like disposable income, influence a region's firm formation (Lee et al. 2004) . Regions with more nascent firms are likely to foster a market in which the need to establish a technology advantage is essential.
Hypothesis 9: Regional income increases a nascent firm's or high-technology firm's likelihood of utilizing a more open innovation strategy.

Data and sample
The data utilized for this paper are from the Kauffman Firm Survey (KFS) conducted by the Ewing Marion Kauffman Foundation over the period [2005] [2006] [2007] [2008] . The following description of the sample comes from the KFS documentation (Robb et al. 2009 ). A random sample of 32,469 firms was chosen from Dun and Bradstreet's database of all new businesses started in 2004 in the United States, excluding nonprofit firms, those owned by an existing business, or firms inherited from someone else; the KFS research team interviewed principals of 4,928 new firms between July 2005 and July 2006 (43% response rate with sampling weights) and respondents were paid $50 to participate. In regard to high-technology firms, the KFS includes a variable depicting a firm as high, medium or low technology based on established criteria (Hadlock et al. 1991 ) that accounts for an industry's percentage of R&D employment in science and technology occupations. There were 2,034 firms in the KFS labeled as high-or medium-technology firms. The firm level data are from the Baseline Survey for 2004 consisting of 4,928 new firms.
In addition, the analysis examines the effect of regional level characteristics on the firm's innovation strategy. These regional data come from a variety of sources and are available at the metropolitan level. The data were merged with the firm level data utilizing the geographic identifier for each firm, the metropolitan area statistical FIPS code. 3 The sources of these data are described in following the discussion of measures.
Measures Dependent variable
Level of Open Innovation. The level of open innovation is a constructed variable that attempts to measure a firm's willingness to incorporate other firms' ideas into their innovation strategy. Open innovation activity includes all binomial categorical variables on whether or not the firm possesses a patent(s), has licensed out (LO) patent(s) owned by the firm to another business, or licensed in (LI) patent(s) from another business. The multinomial categorical dependent variable created used the following coding:
The firm is completely closed to innovation; 0 = no patents, LO or LI.  Less Closed Innovation: The firm has a patent and is somewhat innovative; it may commercialize it and/or license a patent to another business; the firm remains fairly closed to outside innovations; 1 = firm has patent and LO, but no LI.  Semi-Open: The firm licenses in a patent, conveying it is more open to external ideas to generate commercialized innovations; 2 = LI, but no patent or LO.  Most Open: The firm does all three, generating ideas, selling ideas, and accepting external ideas for innovation; 3 = firm has patent, LI and LO. The construction of this variable has no spatial dimension. Firms in one region can enter into licensing agreements with firms from anywhere. However, certain firm level and regional level characteristics may make it more likely for a firm to become more open to all sources of innovation for their own innovation strategy and commercialization.
Independent variables
Research and Development. Given that the KFS firms are nascent, small firms, greater R&D infrastructure is important to open innovation strategy; this adjusts Chesbrough's (2003) thoughts that those firms with large R&D infrastructure are more likely to be closed innovators to the size factor for nascent firms. For firm level R&D infrastructure, the KFS includes two variables of interest, R&D investment and number of R&D employees. R&D investment is a dichotomous variable for whether or not the firm invested in R&D in year one. Respondents were asked, "Did your business spend any money on research and development for new products or services?" Responses were coded as "yes" = 1 and "no" = 0. Prior research (Cassiman & Veugelers 2006 ) also utilizes a similar dummy variable for R&D investment as an indicator of the firm's internal innovation. In addition, respondents provided the number of employees responsible for R&D, another indicator of innovation capacity of the firm.
Primary Owners' Human Capital and Gender. The analysis examines the human capital of only the primary owner. In the case of multiple owners for a single firm, owner characteristics are for the owner with the largest equity share, including gender. In the baseline KFS for 2004 data, 65% of the firms had just one owner, with 26% reporting two owners, and only 9% reporting 3 or more owners. The first component of human capital the research examines is the primary owner's level of education. Respondents reported the highest level of education the each owner had completed, ranging from 1 (less than 9 th grade) to 10 (professional school or doctorate); the analysis utilizes the response of the primary owner. The primary owner's industry knowledge is also important in terms of years of work experience in the industry in which the firm competes. Respondents were asked, "how many years of working experience have you had in this industry-the one in which the business competes?" and their responses ranged from 1 to 40+ (more than 40 years). The final component of human capital is the age of the primary owner. The three components together assess how a new firm's intangible human capital can influence the innovation nature of the firm.
The final primary owner characteristic is gender to determine if firms with female primary owners differ from male counterparts. Of the baseline KFS respondents, 31.5 percent were women owners. Less attention has been paid to the environment in which women business owners operate, and Brush suggests taking a so-called "integrated perspective" of women's business ownership into account when studying regional and social environmental aspects of entrepreneurship. The variable is a dichotomous dummy, with the reference category of male = 0.
Technology Industry. The nature of the industry in which a firm operates should also affect its innovation nature. The analysis examines the effect of both high-technology and medium-technology industries on innovation, 14.3 and 26.9 percent of baseline KFS respondents. Each measure is a dichotomous dummy variable with the reference category of the null.
Metropolitan Characteristics. Although firm characteristics are necessarily the primary component of firm innovation strategy and its openness, much research addresses the importance of the region or metropolitan area in this process (Audretsch et al. 2008; Audretsch 1998; Doloreux 2004; Doloreux et al. 2007; Acs & Armington 2003; Tödtling et al. 2006 ). Doloreux, Dionne, and Lapointe go as far to point out that metropolitan regions are "where innovation is most likely to occur" (Doloreux et al. 2007, p.407) . Most of the literature has focused on specific characteristics that either promote or slow entrepreneurial opportunities and entrepreneurship. However, this analysis alters the focus to the firm's innovation strategy and not its success, merging the KFS firm level data on innovation strategy and owner characteristics with metropolitan characteristics previously found to influence innovation.
The To encompass the influence of the metropolitan knowledge base on a firm's innovation strategy, the analysis includes a measure of metropolitan educational attainment. Under new growth theory assumptions, the effect of knowledge and how it produces innovations in the economy is correlated with educational attainment of the population (Hackler & Mayer 2008; Hackler 2003; Lee et al. 2004; Audretsch et al. 2008; Mayer et al. 2007; Florida 2002; Glaeser 2000) . Educational attainment accounts for the percent of the metropolitan population with a Bachelors degree. We merged utility patents with the address information provided for the U.S. inventor(s) associated with each patent. We limit the inventors assigned in this step to those with U.S. (50 States plus D.C.) locations as our objective is to fully re-apportion the U.S. patents to U.S. metro areas. Each U.S. patent has at least one inventor with a U.S. location, yielding 1,579,124 patent-inventor pairs. We are able to assign 98.9% of these addresses to U.S. counties. The remaining 1.1% of patent-inventor addresses contain errors or misspellings that are not resolved. Each patent is then assigned proportionally to the counties of inventors with recognized addresses. We are able to apportion 99.62% of the patents to counties in this manner. 5 Educational attainment is for 2004 from the American Community Survey and is calculated from table B15002, Sex by educational attainment for the population 25 years and over. 6 The data for per capita income in 2000 is from the 2000 U.S. Census summary file three (SF3), 
Data analysis
The analysis utilizes multinominal logit (MNL) regressions given the nature of the dependent variable, a firm's level of open innovation. The MNL regressions examine the direct or interaction effects of the independent variables on level of open innovation (coded as 0 = closed, 1 =less closed, 2 = semi-open, and 3 = most open, see details above). MNL works well with a dependent variable that has more than two categories. Given that the categories display a ranking, an ordinal logistic regression is preferred to multinomial logistic regression. However, the application of ordinal regression must satisfy the assumptions of parallel lines among the results for each category of the dependent variable and have adequate cell count. The data violated these assumptions, thus the use of ordinal regression is inappropriate. MNL is then best to test the model, and MNL has been used in prior research (Cooper et al. 1994 ). In addition, logistic regression remains more robust to violation of the normality assumption for categorical explanatory variables, and MNL represents an extension of the common binary logit model when the dependent variable has more than two categories (Cooper et al. 1994) .
The reference category of the dependent variable is closed, and the models estimate parameters of the explanatory variables for the propensity of the level of open innovation: 1) less closed innovation versus closed innovation; 2) semi-open innovation versus closed innovation; and 3) most open innovation versus closed innovation. The coefficients do not represent any absolute effect on the probability of that outcome (Cooper et al. 1994 ). An important parameter in MNL is the odds ratio, Exp(β), that shows the factor by which the odds of a given outcome (levels of open innovation) change for a one-unit change in a continuous independent variable; when using a categorical or dichotomous independent variable, the odds ratio is interpreted compared to the reference category. For example, no R&D investment, male, not high-technology, and not medium-technology are the reference categories for the categorical independent variables in the model, so the odds ratio indicates the odds for having R&D investment, being a female primary owner, and being a high-technology or medium-technology firm.
The KFS Baseline Survey oversampled businesses in high-technology industries so we weighted our data prior to the analysis using the weighting factor provided by MPR statisticians (included in the KFS dataset); this ensures that estimates reflect the true population based on the full sample frame. The analysis uses STATA survey (svy) commands to ensure the stratified sampling and proper weighting. However, with this command, some estimation and post-estimation statistics and commands are not appropriate like the log likelihood ratio (LR).
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The tables reporting the MNL models display all that is available using the survey commands. Also, with the use of the survey commands for the MNL models, Exp(β) reported is actually the relative risk ratio, thus the coefficients are giving the probability rather than the odds. Although these probabilities cannot be negative, presence of a negative sign in front of the Exp(β) denotes a decrease in probability of the outcome.
Examining open innovation in nascent firms
The analysis uses the 2004 baseline of the KFS. Table 1 reports the summary statistics for the independent variables in the analysis; four of the variables are dichotomous variables, so only the mode is reported. Correlation among of the independent variables was analyzed, and the models were tested for multicollinearity, with results within acceptable ranges. The remainder of this section discusses the results of the regression models. Table 2 and for the high-technology industry subpopulation in Table 3 . In Table  2 , the MNL regressions for all firms test separate models, with results on firm level variables reported in column 1a-c for each level of open innovation, and results for the full model with firm and metropolitan level variables reported in columns 2a-c. As discussed earlier, using the survey commands in STATA to ensure proper probability weighting, estimation statistics for MNL are limited to the Wald test (F-test) for the chisquare (see note 7); however, post-estimation testing revealed the model was significant, indicating the models of firm and metropolitan characteristics significantly predict the level of open innovation for all firms and the subpopulation of high-technology firms.
The results indicate that R&D employees and investment have significant effects on the probability of a firm's innovation strategy being more open. The relative risk ratio for R&D employees is Exp(β) = 1.34 (column 1c), which means that a firm's probability of having the most open level of open innovation (having patents and agreements to license in and out patents) is 1.34 times greater with one more R&D employee, adjusting for all other firm-level independent variables in the model. When taking into account firm and metropolitan independent variables, the probability that a firm utilizes the most open innovation strategy rather a closed strategy is 1.29 (column 2c) times greater with one more R&D employee. Both R&D measures have positive effects; however, R&D investment has the greatest effect of the two in either the firm level model (Exp(β) = 5.38) or the firm and metropolitan level characteristics model (Exp(β) = 9.52). In addition, R&D investment increases the probability of being semi-open (licensing in) by 1.83 (column 1b) times in the firm level model. For nascent firms, internal firm R&D influences a firm's likelihood of taking up outside innovations as well as selling them off. The results provide support for the first hypothesis for all firms.
Of the entrepreneur's human capital measures, only the owner's age and education have significantly positive effects on the probability of a firm's innovation strategy being more open (columns 1c and 2c), indicating older and more educated primary owners are most active at this level of open innovation. These results provide support for hypotheses three and five in terms of all firms.
In terms of female entrepreneurs, the probability that a firm is most open or semiopen rather than being closed is decreased if the primary owner is a female, supporting hypothesis six. The reasons for this gender difference, however, are not examined but indicate the need for further examination of open innovation strategy and female entrepreneurs.
In regard to type of industry, the probability that a firm is most open rather than being closed is 8.76 (column 1c) and 6.51 (column 2c) times greater for a hightechnology firm. This is also true for a firm's probability of being semi-open instead of closed, but the probabilities are lower. However, medium-technology firms exhibit no evidence of being more likely to have open innovation strategies. The combination of these results provide evidence for hypothesis two and suggest that further examination of these relationships within the high-technology subpopulation is useful. Moving to the metropolitan characteristics' effects on all firms, the full model doesn't suggest either of the measures of metropolitan patents having an effect. These results do not support the expectations in hypothesis seven for these measures of the new growth economy. Of the other regional innovation measures, only educational attainment exhibits a significant effect. A firm's probability of having a semi-open level of open innovation (licensing in a patent) is 1.20 (column 2b) times greater with one percent more of the population having Bachelors degree. Metropolitan educational attainment may have an absorptive innovation effect on nascent firms-they are more likely to license in patents, taking advantage of others good ideas. The result provides evidence for hypothesis eight. For growing regions, a firm's probability of utilizing a semi-open innovation strategy is minimally decreased; thus, for all nascent KFS firms, the effect of regional supportiveness of innovation seems muted.
High-Technology firms
With the dummy variable for high-technology firms indicating greater probabilities of a more open innovation strategy, Table 3 The high-technology subpopulation exhibits several variations from the regression results for total firms. In terms of the firm level characteristics, R&D investment has a very consistent and large effect. This is particularly so in the full model where the probability of a firm utilizing the most open innovation strategy rather than closed is 288.7 (column 2c) times greater for a high-technology firm that invests in R&D, when controlling for both firm and metropolitan characteristics. The number of R&D employees varies in the full model, such that it decreases the probability of a hightechnology firm being the most open by 0.21 times (column 2c) with one more R&D employee, but increases the probability of being semi-open by 1.60 times (column 2b). There is partial support for hypothesis one in terms of high-technology firms. The results also suggest that R&D investment may be more important to a firm having a more open innovation strategy, creating innovations as well as accepting them from a variety of places. Those that "do" are more able to better utilize inward licensing, suggesting that innovation is in the ideas rather than the numbers. Wald (18, 688), (36, 182) 6.24 87.43 Prob > F 0 0 NOTE: Closed Innovation (no patents or licensing) is reference category. Coefficients are Exp(β) with negative signs where needed. Standard errors in parentheses. *** p<0.01, ** p<0.05, * p<0.1. STATA survey commands do not report some estimation statistics (see note 8).
The effects of the three human capital measures also differ within the high-technology results, with each having an effect. The primary owner's age is only significant in the full model, and then, it only increases the probability of a high-technology firm when comparing closed to less closed (having a patent and licensing out) or semi-open (licensing in). This provides partial support for hypothesis five. In terms of work experience, an owner in a high-technology firm with more experience in the industry has a negative effect. The probability of the firm being semi-open versus closed is smaller (Exp(β) = -0.90, column 2b) when an owner has one additional year of work experience. This does not support the expectation in hypothesis four. Finally, an owner's education has a significant effect on the probability of a high-technology firm being more open (Exp(β) = 2.86, column 2c) and is supportive of hypothesis three. Thus, of all the human capital variables, education has the most positive effect on a firm's openness to a variety of innovation strategies, with the age of the owner also affecting the likelihood of the firm's semi-open innovation strategy.
Gender of the primary owner has a somewhat dampened effect among hightechnology firms. Instead of the significantly negative effect found for all firms, female ownership has a negligible effect, and only for the semi-open category of open innovation. Gender in high-technology industry presents less of an impact on the likelihood of an open innovation strategy, limiting the support for hypothesis six, but insinuating that women entering new industries, like high-tech, are less likely to be different from their male counterparts.
In comparison to the results for the sample of all KFS firms, the effects of the metropolitan characteristics have more predictive power within high-technology subpopulation. Educational attainment now has a positive effect on being most open; a high-technology firm's probability of having a most open level of open innovation is 3.52 (column 2c) times greater with one percent more of the population having a Bachelors degree. Among high-technology firms, the results provide support for hypothesis eight.
In terms of patents, although the total number in the metropolitan area decreases the probability of being less closed (Exp(β) = -0.99, column 2a) than closed, the growth of patents in the region actually has a positive effect. A high-technology firm's probability of utilizing a semi-open in comparison to closed innovation strategy is 1.04 times greater with a one percent increase in the growth of patents. The level of dynamism and technological change in high-technology industry suggest that nascent firms would be more likely to license in the technology to get the process started more quickly (Zahra et al. 2005) . The finding suggests that in regions that are experiencing patent growth, nascent high-technology firms may be more able to rely on other's innovations, even though there is no way to determine whether a firm utilizes patents created in the same region. Regardless, the results provide partial support to hypothesis seven.
In terms of income's effect on innovation strategy, the measures exhibit different signs. The growth of per capita income significantly increases the probability of being most open by 1.95 times with every one percent growth in income. As found with metropolitan patent growth, perhaps regions with growth in per capita income provide more cushion to nascent firms in terms of start-up. However, higher regional per capita income decreases the probability of high-technology firms utilizing the most open innovation strategy (column 2c). Thus, although growth indicates support, if it grows to too high of a level, it may be a barrier and present a problem to the firm wanting to explore a full range of innovation sources for its innovation process. Hypothesis nine garners only partial support.
Population growth serves as a metropolitan control variable, and a growing population has an interesting effect for high-technology firms. Regions with population growth decrease the probability of high-technology firms utilizing the most open innovation strategy, but this is somewhat similar to the finding for all KFS firms.
Open innovation: a region's role and high-technology variation
The ideas emerging from Chesbrough's concept of open innovation and the role of innovation in the economy provide fertile ground for exploration of how these ideas affect entrepreneurship and the nascent firm. If certain regions are more innovative, does this contribute to a distinctive firm innovation strategy for all firms as well as hightechnology industry? This paper attempts to unravel these relationships with the identification of nascent firm and regional characteristics that are likely to create a more open innovation strategy in firms.
The results suggest two primary conclusions. First, high-technology firms differ in terms of how firm and metropolitan characteristics affect their likelihood of utilizing more open innovation strategies. High-technology's distinction in regard to open innovation strategy is even more interesting since only about 4-5% of high-technology firms have patents or licensing agreements in the KFS 2004 baseline data. In terms of firm characteristics, each human capital variable had an effect on innovation strategy among high-technology firms, unlike for all firms. R&D measures in high-technology firms behaved differently, as the results implied that R&D investment may be more important to a more open innovation strategy. Those that "do", may be more able to better utilize inward licensing. The final firm characteristic with variation among all firms versus high-technology firms was that of gender. The differential effect of female ownership on innovation strategy found within all firms almost disappeared within the high-technology analysis. The reasons for this difference implore further examination on the dynamics of open innovation strategy and female entrepreneurship.
The second primary conclusion from the paper's results amplifies the importance of documenting regional effects. This is particularly so in terms of high-technology industry. Regional factors had even greater relevance on a high-technology firm's likelihood of utilizing more open innovation strategies with educational attainment and at least one measure of those for patents and income increasing the probability of more open innovation. The regional population control variable also provided insight. A comparison of the negative effect of population growth on the probabilities of open innovation indicates that growing regions are less likely to support and promote open innovation strategies among firms.
The results of the regression models and conclusions drawn from these findings offer a contribution to the literature on innovation and high-technology economic development, particularly as it relates to public policies that facilitate location-based innovation and the leveraging of internal growth opportunities like entrepreneurship. Further understanding of these regional factors' effects on open innovation dynamics will assist local, state, and federal public policymakers in crafting economic development policies. The findings suggest greater attention to higher education policies and creating a suitable environment for those that create and those that buy ideas and innovation. How the exposure to external ideas and technologies create beneficial regional knowledge networks warrants further analysis. In addition, it remains essential to utilize data from nascent firms, like the KFS, to understand whether open innovation enables the firm to also enhance its own innovativeness and how regional policy can assist and support this dynamic.
